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I. INTRODUCTION

A. Background

Highway bridge evaluation in the United States is currently guided by the 1983
AASHTO Manual for Maintenance Inspection of Bridges (1), referred to here as "the
AASHTO Manual." The method specified is essentially analytical. In practice
this analytical approach is often inapplicable or inadequate because 1) necessary
information about the bridge is not always readily available (in the case of
"unratable® bridges), or 2) resulting rating factors are lower than the required
minimum of 1 (in the case of certain deficient bridges). In such cases, physical
testing is often desirable to obtain a reliable rating. Proof load testing has
been considered one of the preferred test methods, because the underlying concept
is intuitively acceptable and results thus are conclusive 2).

New York State has about 17,000 bridges in its highway network. Limitations of
the analytical approach in rating them have been observed in practice. A
previous report (2) discussed bridge evaluation practice in New York State in
some detail. Unratable and deficient bridges are two major groups presenting
difficulties for analytical rating. A proof load test program has been proposed
for rating these bridges, to meet federal requirements for bridge rating, and its
feasibility in New York State is examined here.

B. Objective and Approaches

This study's objective was to examine feasibility of a proof load test program
for highway bridge rating in New York, including both the economic and the
technical aspects addressed here. The economic problem was to answer questions
regarding cost effectiveness of such a program, and the technical problem was to
address concerns about details in routine execution of proof load testing.

The technical aspect was addressed by examining details of available guidelines,
and developing elements found missing in them for application in New York State.
Two areas of needed research were identified: 1) prescribing target proof loads
and using them in determining load ratings, and 2) developing a detailed
procedure manual for proof load tests. The first subject was dealt with by using
the criterion of a uniform structural safety level, consistent with current
analytical rating practice. The second subject was addressed by writing a draft
procedure manual to guide proof load testing practice, based in part on
experience of the profession in this area.
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The economic aspect was covered by an analysis describing such a program in terms
of costs, benefits, and benefit cost ratios, to ensure cost effective investment
and operation. This economic analysis was facilitated by technical findings
earlier in the study, which suggested an outline for a proof load test program
and steps for its implementation. Estimation over a life cycle was included in
the economic analysis.

C. Organization of This Report

This report has five parts. Chapter II presents a brief review of current
practice in proof load testing of civil structures, and identifies additional
needed research for bridge rating in New York. Chapter III explains the

prescription of target proof loads based on bridge safety criteria. Chapter IV
introduces guidelines for bridge proof load testing, in a draft procedure manual
included as Appendix A. This manual is recommended as a starting point for
technical requirements in New York’s proof load test program. It will be
improved based on experience and data acquired in future operation. Chapter V
presents results of the economic analysis, showing a proof load test program to
be a viable approach in developing reliable bridge ratings, as required by the
federal government. Chapter VI summarizes the findings and recommendations
resulting from this study.



IT. REVIEW OF CURRENT PRACTICE

A. Proof-load Test Practice

The concept of proof-load testing has been applied to varicus types of structure
in many parts of the world. Originally, the test provided a means of verifying
design assumptions and construction quality. Subsequently, it became an
effective approach for assessing load-carrying capacity of existing structures.
Its application to bridge structures also has become routine in several
countries. The interested reader is referred to an unpublished NCHRP report (3)
for detailed review of testing practice in the United States and elsewhere.
Only a brief overview is presented here as an introduction to the technology
available, supplementing the NCHRP report. This overview covers several European
countries, Canada, Australia, New Zealand, and the United States.

Reinforced concrete bridges were load-tested in Switzerland as early as the late-
19th century (4). Figure 1 shows one of the earliest bridge proof-load tests.
The main goal of load testing then was to ensure that bridges would not collapse
under service loads. Load tests on new bridges in Switzerland are now usually
carried out as acceptance tests in fulfillment of code requirements (4). The
elastic nature of the structure is judged mainly by recovery from deformations
after unloading. Load tests are also required to quantify defects or weaknesses
of existing structures, and may be used as acceptance tests after subsequent
strengthening of defective elements.

The Italian building code requires that every bridge be proof-tested before
opening to traffic (5,6). The intent is to verify conformance of as-built

Figure 1. Load test in 1830 on a reinforced-concrete bridge in Switzerland.
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stiffness and resistance with superstructure design specifications and applicable
standards. The structure is usually quasi-statically loaded with heavy trucks,
arranged longitudinally to maximize load effects. Transversely, trucks are often
Placed with maximum eccentricity to check the structure'’s torsional stiffness and
transverse redistribution of the load, and to produce stresses close to the
design values at critical sections. Proof-load-tested bridges have included 12-
to 40-m spans having reinforced-concrete slabs, I-beams, simply supported-box
girders, and continuous box girders (5,6).

In Canada, by 1979 the Ontario Ministry of Transportation and Communications had
successfully proof-tested over 200 bridges (7). Most possessed much higher load-
carrying capacities than could be analytically predicted. Figure 2 shows loading
trucks in Ontario. Note that the Ontario Highway Bridge Design Code (8) includes
the following general provisions in Article 14-8 ("Load Testing") regarding
physical testing of bridges:

Bridges shall be considered for load testing if analytical evaluations
are deemed to be unsatisfactory. When a load test is proposed as part
of the evaluation procedure, such a test, including details of loads,
instrumentation, condition survey and analysis, is subject to approval.

Proof-load testing has been performed on concrete bridges in New Zealand since
1977 (2), and has been considered an economical method of raising or removing
bridge weight restrictions, and thus deferring their replacement and saving the
cost of long detours for heavy traffic. New Zealand Standard NZS 3101-1982
["Code of Practice for the Design of Concrete Structures” (10)] includes detailed
provisions to guide bridge load-testing for strength evaluation. New Zealand
Standard NZS 4203-1976 ["Code of Practice for General Structural Design and
Design Loading for Building" (1ll1l)] also contains a general clause regarding load
testing for buildings.

By 1981, 94 bridges had been load tested in Britain (12). Only deflections were
measured, except for a few cases where strains were also recorded. It was
concluded that bridge load tests are beneficial when associated with inspection
and analysis. Such testing has advanced engineering design and contributed to
diagnosis and assessment of obsolete and distressed bridges. Note that British
bridge testing standards include sections to guide bridge evaluation by load
testing (13).

In the United States, Florida has the most advanced program of proof-load testing
(14). Figure 3 shows the configuration and appearance of Florida loading trucks.
A principal purpose of their load test program is to examine structures of
questionable strengths. It has been estimated that about 85 percent of bridges
with load restrictions in Florida actually have adequate load-carrying capacities
and consequently do not need posting or replacement. Testing usually commences
with a site survey to examine feasibility of such work. Plans and details of
instrumentation are then established, and theoretical analysis is also performed.
If test results at each load increment compare favorably with theoretical
predictions and no apparent distress is observed, the bridge is accepted as safe.



Figure 2. Configuration and appearance during test of loading trucks of the Ontario Ministry of
Transportation and Communications.
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Figure 3. Configuration and appearance during test of loading trucks of the Florida Department

of Transportation.

WEDLHTS
72 ballast blocks 154,800 1b.
Equipment 8.200 Ib.
Traiter 24,000 ib.
Tractor 17,000 b,

Total 204000 ib.

LOAD TRANSFER
5th whee! 82,350 ib.
Steering axle 15,630 1b.
Drive tandem 83720 Ib.

Trailer tondem 104,850 15.

Note: Alf weights and dimensions are approximate and for information -only.
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Although significant experience does exist, well-documented procedures for bridge
rating by proof testing were not found. Thus, development of a detailed
procedure manual was identified as a major task for the present study. This
manual is intended to include experience of others in meeting New York's specific
needs.

For the countries and jurisdictions discussed, differences in procedures for
proof-load testing on structures were noted: 1) load configuration (mechanisms,
location, cycles, durations, etc.), 2) instrumentation type, 3) evaluation
criteria, and 4) requirements for load intemsity. Load configuration is often
determined to maximize structural response and facilitate load application during
testing. Instrumentation type depends on practicality of measurement and
evaluation criteria. Reasons for these differences are either well explained or
may be intuitively understood. On the other hand, required intensities of load
are critically important and their basis has not been well documented, which is
also the case for safety factors adopted in many design codes for civil
structures. This issue will now be discussed separately.

B. Target Proof-load Requirements in Codes and Guidance Manuals

Nondestructive proof-load testing examines the structure'’s capability to perform
intended service functions. A clearly defined target proof load thus should be
decided before testing, along with a set of evaluation criteria for partial or
full acceptance. This section briefly reviews specifications for target load
given by codes and "guidance" manuals (the latter not intended to be mandatory)
of various countries, for an overview of current practice. Table 1 compares
target proof-load levels given by these specifications. Table 2 continues this
comparison for corresponding acceptance criteria. For reference purposes, codes
and manuals for general structures are also noted.

Table 1 shows that many design/evaluation codes or guidance manuals permit proof-
load testing on civil structures constructed of steel, reinforced concrete, and
prestressed concrete (8,10,13,15,16,17,18). ACI Code 318 for concrete buildings
(21) also includes such provisions, although the AASHTO codes for bridges (1,19)
do not. Note that provisions vary regarding target proof load. Some codes do not
definitely specify such a load, although proof load testing is permitted.
Specified target proof-loads include separate parts for factored or unfactored
design dead and live loads. Load factors for these two parts vary from 0.85 to
1.0 for dead load, and 0.5 to 1.19 for live load including dynamic effects.

Criteria listed in Table 2 are intended to guide decision-making for acceptance.
"No visible evidence of failure" or "able to sustain with strength limit state
test load" are often listed as part of an acceptance criterion, which suggests
the importance of visual observation in acceptance decision-making. Although
requirements .for target proof-load level in Table 1 do not differentiate between
‘ steel and concrete structures, acceptance criteria differ noticeably for these
two major structural construction materials. Table 2 indicates that steel
structures need to be loaded for shorter periods -- for example, Australian 4100
requires a load duration of only 15 minutes. Concrete structures usually must
undergo relatively longer loading, and their acceptance criteria are accordingly



Table 1. Comparigon of target proof-load requirements.

Codes or Manuals (xref.)

Proof Load Test

(and Applicability) ’(.:;-.:1::1..6)' Target Proof Load Remarks
Codes:
Australia:
AS 3600 1988 (13) Yes D, + Ly
(Concrete Structures) (21.1)
AS 4100 1990 (16) Yes Dy + Ly
(Steel Structures) (17.1 to 17.3)
Canada:
Ontario Bridge Code (8) | Yes N/S
(Bridges) (14 8)
New Zsaland:
NZs 3101: 1982 (10Q) Yes For Buildings: Non flexural
(Concrste Structures) (15.4) 0.85 (D + L) menbers are
For Bridges: preferably
D +1.19 1, investigated
NZS 4203: 1976 (ll) No analytically
(Gensral Structures) (N/A) N/A
United Kingdom:
BS 5400: 1978 (13) Yes Dy + Ly
(Bridges) (A.1, A.6)
USA:
AASHTO Manual () No N/A
(Bridge Evaluation) (N/A)
AASHTO Standard Code No N/A Non flexural
19) (N/A) menmbers are
(Bridge Design) preferably
investigated
ACI 318 (20) Yeos 0.85 (Dy + L) analytically
(Concrete Bulldings) {20.3 to 20.5)
ACI 437R 67: 1982 (21) | Yes 0.85 (D, + Ly)
(Concrete Buildings) (2.2, 3.4, 4.2, 5.2)
Manuals:
United Kingdom:
Appraisal of Existing Yes N/S
Structures (17) (3.2.6, 4.2.3)
(Genaral Structures)
Czechoslovakia:
Testing Bridges in Situ | Yes Dy + (0.5 to 1.1) L,
13) (30.1, 30.2)
(Bridges)
Notes: N/A = Not applicable
N/S = Not Specified
Dy = Required strength for dead load (factored design dead load)
Ly = Required strength for live load including dynamic effects (factored
design live load)
D = TUnfactored design dead load
L = Unfactored design live load




Table 2. Comparison of acceptance criteria for proof-load testing.

Codes or Manuals (applicability)

Load Duration

Acceptance Criteria

Codes:

Australia:

AS 3600-1988 (15)
(Concrete Structures)

AS 4100-1990 (16)
(Structures)

Dg4: 72 hr
Ld: 24 hr

Dg + Lg: 0.25 hr

6<12/20,000h or 75X recovery after 24 hr

Able to sustain with strength limit state test
load

Canada:

Ontario Bridge Code (8)
(Bridges)

N/S

N/S

New Zealand:

NZS 3101: 1982 (10)
(Concrete Structures)

for buildings:
0.85 (Dg + Lg): 24 hr

for bridges:

1. No visible evidence of failure
2. 6<12/20,000h or
75X recovery after 24hr

1. No visible evidence of failure

(Concrete Buildings)

ACI 437R-67: 1982 (21)
(Concrete Buildings)

0.85 Dg: 72 hr
0.85 Lg: 24 hr

0.85 (Dg + Lg): 24 hr

N/S 2. Flexural crack < 1.5
appropriate values
3. §'s nonlinearity < 20X
4. 752 recovery after 1 hr
NZS 4203: 1976 (11) N/s N/A
(General Structures)
United Kingdom:
BS 5400: 1978 (13) N/S 1. Crack width < 2/3 of limit
(Bridges) state requirements for R/C;
No visible cracks for P/C
2. & < 12/25,000hn
USA:
AASHTO Manual (1) N/A N/A
(Bridge Evaluation)
AASHTO Standard Code (19) N/A N/A
(Bridge Design)
ACI 318 (20) N/A 1. No visible evidence of failure

2. 6<12/20,000h or 75% recovery
after 24 hr for R/C; 80%
recovery after 24 hr for P/C

1. No visible evidence of failure

2. 6<12/20,000h or 751 recovery
after 24 hr for R/C; 80X
recovery after 24 hr for P/C

Manuals:

United Kingdom:

(Bridges)

Others D4: 24hr
(0.5 to 1.1)L4: N/S

Appraisal of Existing Structures | N/S N/S
(12)
. (General Structures)

Czechoslovakia:

Testing Bridges in Situ (18) " Steel Dy: 3hr N/s
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based on response and recovery over longer periods. Nevertheless, bridge
structures are not subject to the same requirements, perhaps because of the
transient nature of their live (traffic) loads. (Examples are BS 5400 and NZS
3101.)

The following observations result from this review: 1) AASHTO codes for bridges
do not include provisions for proof-load testing; 2) target proof-load levels
vary from not definitely specified to those with dead-load factors of 0.85 to 1.0
and live load factors of 0.5 to 1.19 (for factored or unfactored design loads);
and 3) the bases of these requirements are not well documented. From these
observations, it was decided to develop a procedure to determine target proof
loads for bridge rating. These target loads are intended to be consistent (in
both format and assured safety) with current practice for analytical rating
guided by the AASHTO codes. This work is presented in the next chapter and the
results are included as requirements in the draft procedure manual (Appendix A).



III. TARGET PROOF LOAD AND BRIDGE RATING

A. Proposed Proof-Load Formula

The following proof-load formula is proposed for bridge rating:
¢Yp-aLthnIn+aDDa (1)

where Y, = target proof-load effect,
L, = nominal static live-load effect,
g, = nominal load distribution factor, and
I, = an impact factor accounting for dynamic effect of vehicular
loading.

L,, 8., and I, are specified in three AASHTO specifications (1,19,22). D, is
additional dead-load effect expected on the structure after the proof-load test,
such as that of an overlay. ¢, a, and ap are resistance reduction factor and
live- and dead-load factors, respectively. The load and resistance factors
determined in this chapter are based on a structural reliability criterion. In
addition to determining target proof load, the proposed formula is also intended
for use in rating by proof-load testing:

Rating Factor = (¢ R, - ap D) /oy L, g, I, (2)
where R, = proved capacity equal to or lower than the target level Y.

This rating methodology is consistent with the current rating method given by the
1983 AASHTO Manual (1) in concept as well as format. Note that only bending
moment as load effect is considered in this study. This chapter’'s Section B
describes models of structural reliability used to determine resistance and load
factors. Live-load factor ¢ is determined first without additional dead load
(D, = 0). Dead-load factor ap is then found, with a; given. For simplicity of
presentation, only structural reliability models for determination of ap are
given, since the case of ap » 0 is a straightforward extension of these models.

B. Structural Reliability Models, Safety Index, and Database

1. Structural Reliability Model

Consider a limit-state function Z for a typical primary member of a bridge
(e.g., a girder):

Z=R-D-L=R'-1 (3)

11
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where R, D, and L are true values of resistance, existing dead load, and
live load effects, respectively, and R’= R - D is the resistance margin for
live load. (No additional dead load is considered here for determination of
o,, and it will be included for determination of ap with o given.) R’ and
L are modeled by independent random variables, which are assumed to be of
lognormal distribution. The random variables are used to model the
uncertainties attributed to fluctuation of vehicular load, wvariation of
material properties and construction quality, approximation due to
simplified analysis methods, etc. The mean and standard deviation of R’ (M.
and og,) are given by means and standard deviations of R and D:

MRn = MR - MD ; O'er = Unz + UDZ (ll-)

based on the assumption that R and D are independent of one another. Z
equal to or less than O indicates failure of the member, and higher than 0
means survival. The live-load effect is further modeled by a combination of
the following factors (23):

L=aHW_95mgI (5)

where all variables are modeled by independent random variables, except a
which is a deterministic coefficient correlating truck weight to bending
moment as load effect, based on the AASHTO rating vehicles (l). H is a
factor accounting for presence of multiple vehicles on the bridge, and W o
is a characteristic value of the vehicle weight spectrum. Their product is
treated here as a single variable. m covers effect of vehicle configuration
variation on the load effect. g is lateral distribution factor, and I is
impact factor for dynamic effect.

Safety Index

Structural reliability is often measured by the failure probability of the
component Pg:

P, = Probability [Z<0] (6)

If Z were a normal random variable, which can be a linear combination of
normal variables, then

Pe=1-8(8) =1 - a(My/0y) (7

where &( ) is the cumulative probability function of the standard normal
variable, and 8 is called the "safety index." M; and &; are respectively the
mean and standard deviations of Z. 1In this study, Z as defined in Eq.3 is
not a linear combination of normal variables, but can be linearized (by a
polynomial series expansion of first order), and variables R', m, HW ¢s5, g,
and I can be transformed (equivalently in failure probability) to normal
variables at a point known as the design point in the variable space. At
this point, the joint probability distribution of the random variables
realizes its maximum in the failure region. Eq. 6 can then be used to
calculate the safety index after the linearization and transformation
described in more detail by Ang and Tang (24).

12



Target Load and Bridge Rating 13

It has been estimated that current bridge evaluation practice using the
AASHTO Manual assures a safety index of about 2.3 for primary components
[23,32]. B = 2.3 is thus elected as the target reliability level for this
study to prescribe the target proof-load level. This criterion is
consistent with that used in developing the AASHTO Guide Specifications for
Strength Evaluation of Existing Steel and Concrete Bridges (22). The same
target safety index has also been employed in developing a permit overload
checking method (25).

3. Proof-load Testing for Deficient Bridges

Proof-load testing has an important application in verifying or improving an
existing rating obtained by analytical methods. In New York State, it is
thus applicable to bridges with low load ratings. Since an existing rating
contains information on capacity of the structural component, it is used
advantageously in modeling that component’s resistance. Nominal resistance
R, related to the existing rating factor RF is obtained by an analytical
evaluation (1,19,22).

Resistance R is assumed to have a mean My related to its nominal value R, by
a bias By as follows:

Mg = BgR, (8)

A proof-load test eliminates possibilities that the true resistance margin
R’ is lower than the applied proof load Y,. This is shown in Figure 4 by
truncating and then normalizing the probability density function of R’ at Y.
Thus, the limit function takes the following form:

Z=R' -amHWgyy gl (9)

where R’ has a truncated lognormal distribution. A method developed by
Fujino and Lind (2,26) is used here to calculate the safety index for this
case. This method transforms R’ to a standard normal variable by
equivalence in probability. The limit function is transformed accordingly
for calculating the safety index. This has been compared with a direct
integration method over a wide range of parameter variation for practical
applications. Consistency has been observed in results obtained by the two
methods (2).

4., Proof-load Testing for Unratable Bridges

Proof-load testing is also desirable for evaluating a bridge when it is not
suitable for rating by analytical methods. This occurs when necessary
information on the bridge or reliable analysis methods are not available,
and is applicable to unratable bridges in New York State. R’ is assumed to
be equal to the applied proof load effect Y, if the bridge survives the proof
test, since no further information on R' is available. Thus,

Z=Y

. -L=Y

p-amHiWg g1 (10)



Figure 4. Structural reliability model for proof-load testing of deficient bridges with existing ratings.

Probability Density
Functions of R'

and L

S
L ol

R' (before)

R - D= R' (after)

Random
» Variables
P_ before P, after R' and L
proof proof
testing testing

Yp (proof load)
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is used to calculate the safety index B for this case. Note that the
assumption of R’ = Y, underestimates the resistance conservatively, because
R’ certainly can be higher than Y,. A graphic demonstration of the proof-
load test effect on structural reliability for this case is shown in Figure
5. It is observed that one can find such a Y, to satisfy a target structural
reliability; this is the mechanism used here to determine the resistance and
load factors.

5. Statistical Database

Substantial statistical data have been collected for bridge structural
reliability assessment (23,27,28,29,30,31). Table 3 presents a
comprehensive database used in this study as input to these models, with
information sources identified. It includes mean or bias (ratio of mean to
nominal value) and coefficient of variation (COV, as ratio of standard
deviation to mean). Three major construction materials are considered here:
steel, reinforced concrete (R/C), and prestressed concrete (p/C). This
covers a reasonably wide range of highway bridges in this country. The
live-load parameters cover traffic load variation for a period of 2 years,
for consistency with the current maximum inspection interval. The four
traffic conditions characterizing the live (vehicular) load are defined by
AASHTO (22). This classification permits evaluation engineers to take site-
specific loading condition into account in rating bridges. It is noted that
the nominal dead load effect D, is estimated by its empirical relation to
live-load effect Lgsy, based on the HS-20 loading. These relations are also
listed in Table 3, with sources identified. It is noted that the
coefficients of variation of R in Table 3 are intended to cover structural
component deterioration due to steel corrosion, concrete spalling, prestress
loss, etc. They are used in B calculation only for the application case of
proof testing with analytical rating, where it is usually desired to take
deterioration into account for a more reliable rating by proof testing.

They are higher than those for components in good condition (23,30) and are
selected here based on subjective estimates, since no data are available.
Implications of their use are examined later in a sensitivity analysis in
Section D of this chapter.

The database in Table 3 is a summary of data collected by a variety of
techniques, including field measurement for member dimensions, weigh-truck-
in-motion for the real load spectrum, empirical relation for live-to-dead
load ratio, etc. It covers variation in current traffic loading and
practice in bridge design and construction in the United States.

Note that the live-load parameters in this database include data collected
in New York State. In addition, two parameters (namely the vehicle-
configuration parameter m and the characteristic value of vehicle- -weight
spectrum HW 45), were re-evaluated in this study using data collected in 1989
by the NYSDOT Data Services Bureau. Statistical parameters of m from these
data were found to be almost exactly the same as those in the national
database. The mean value of HW 45 was found to be slightly higher than that
in the national database, with the coefficient of variation (COV) being
consistent. This is perhaps because these New York sites were selected for
their heavier weights and higher volumes of traffic. Implications of the
slight difference between the New York and national data are examined in a



Table 3. Statistical database for structural reliability assessment.

RANDOM
VARTABLE MEAN Ccov (%)
SPAN (ft)
= (23) 30 1.0 11.0
40 1.0 1.0
50 0.95 11.0
60 0.92 11.0
70 0.90 11.0
80 0.91 8.2
90 0.92 7.5
100 0.93 5.7
120 0.95 5.4
140 0.95 4.6
160 0.96 3.4
180 0.97 3.9
200 0.97 3.2
TRAFFIC
CONDITION | COMBINATIONS | SINGLES | COMBINATIONS SINGLES
HWes (23) 1 170 kips 92 kips 5.0 8.0
2 180 kips 100 kips 6.0 8.0
3 210 kips 120 kips 10.0 10.0
4 225 kips 125 kips 10.0 10.0
SURFACE
ROUGHNESS
12 smooth 1.1 10.0
medium 1.2 10.0
rough 1.3 10.0
RANDOM
VARIABLE BIAS cov_ (%)
STEEL R/C P/C STEEL R/C P/C
1.05 (23) | 1.05 1.0 16 (23) | 16 11
1.0 (23) | 1.0 (23) |1.0 (21) | 10 (23) | 10 (3Q) | 10 (23)
g 0.9 (23)] 0.97 (31) ]0.96(23) | 13 (23) | 11 (3l) 8 (23)

NOTES: COV = STANDARD DEVIATION/MEAN
BIAS =~ MEAN/NOMINAL

I

0.0132 x SL (STEEL) 33)
= 0.6967 - 0.00762 x SL + 0.0002554 X SL x SL (R/C) (30)
Lo T 0.014 x SL (P/C) (34)

SL = SPAN LENGTH IN FT.
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sensitivity study in Section C of this chapter. It is concluded that this
will not affect the proof-load factors proposed later, because of
consistency with the target safety level determined by the national
database.

C. Proposed Load and Resistance Factors

To be consistent with bridge evaluation practice by current analytical methods
(1) and the recently developed method of load and resistance factors (22), the
resistance reduction factor ¢ is proposed to be 0.95, 0.9, and 0.95,
respectively, for steel, R/C, and P/C materials. Thus a; is the only factor to
be determined in the proof-load formula (Eq. 1), to reach the target safety index
of 2.3. Given an ¢y, Y, determined by Eq.1 is used in limit functions in Eqgs.
10 and 11 for the two application cases of proof-load testing. Their safety
indices are then calculated for comparison with the target value of 2.3. This
mechanism allows selection of a to satisfy the requirement of structural
reliability. It is noted that for a given a;, B varies with traffic condition,
span length, and material type. Thus, for each traffic (live-load) condition,
a; is selected by minimizing the variation of g due to other factors.

1. Proof-load Testing of Deficient Bridges

For the application case of proof-load testing when an analytical rating
exists, Figure 6 shows the relation of required a; to the target safety index
2.3 and existing rating factor RF; Traffic Conditions 1 through 4 are
defined in Table 4 (22). It is observed that the lower the original rating,
the higher is the proof load needed to reach the same target safety level.
This is expected, since a higher proof load is required to reduce the
greater failure risk characterized by a lower rating factor. It is also
seen in Figure 6 that when rating factor RF is equal to or lower than 0.7,
variation of a; with RF becomes less significant. An RF equal to 0.7 thus
is selected as a threshold for whether to take the existing rating into
account in determining target proof load. In other words, when an existing
rating factor is higher than 0.7, that is considered an important piece of
information to be included in selecting the target proof-load level, but not
worth consideration if lower than 0.7. According to this criterion, the
proof load factor a; is proposed in Table 4 for the case of proof-load
testing with an analytical rating factor of 0.7 or more. Figure 7 shows
safety index 8 using the proposed load and resistance factors for this case.
They produce a relatively uniform safety level of 2.3. It is noted that
reinforced concrete bridges have significantly different live-to-dead load
ratios than steel and prestressed concrete structures. This is a major
factor causing a little higher reliability than the other two types of
bridge, especially for longer spans. Reliability is not assessed for spans
longer than 100 ft, since the available empirical ratio of dead to live load
is considered valid only up to this span length, and few R/C highway bridges
exceed this span length in the United States.
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Proof Loading

Table 4. Proposed live-load factor ¢, for proof-load testing
with existing analytical rating factor RF >0.7.

Traffic Proposed
Condition Live-Load Category f:
1 Low-volume roadways (ADTT less than 1000), reasonable
enforcement and apparent control of overloads 1.35
High-volume roadways (ADIT greater than 1000),
2 reasonable enforcement and apparent control of
overloads 1.45
High-volume roadways (ADIT less than 1000),
3 significant sources of overloads without effective
enforcement 1.80
High-volume roadways (ADTT greater than 1000),
4 significant sources of overloads without effective
enforcement 1.90

Note: ADTT = Average Daily Truck Traffic

Table 5. Proposed live-load factor o, for proof-load testing
without analytical rating or existing rating factor

RF <0.7.
Traffic Proposed
Condition Live Load Category o
1 Low volume roadways (ADTT less than 1000), reasonable 1.45
enforcement and apparent control of overloads
2 High volume roadways (ADTT greater than 1000), 1.55
reasonable enforcement and apparent control of
overloads
3 Low volume roadways (ADTT less than 1000), 1.90
significant sources of overloads without effective
enforcement
4 High volume roadways (ADTT greater than 1000), 2.00
significant sources of overloads without effective
enforcement

Note: ADTT = Average Daily Truck Traffic

Proof-load Testing of Unratable Bridges

For the application case when a rating factor is not available, Table 5
gives the proposed proof-load factor a; for the four categories ("traffic
conditions”) of live-load traffic. These are higher than those for the
previous application case, because less information is required than for
deficient bridges. Figure 8 shows the safety index assured by the proposed
proof-load factor for this case. It is seen that a relatively uniform
safety level of 2.3 is realized with respect to span length. In this
application case, difference in B for various materials is a little lower
than in the previous case. This is because the dead-load influence on 8 is
eliminated, since it no longer appears in the limit function (Eq.10).

Note that when an existing rating factor is lower than 0.7, the live-load
factors in Table 5 can be used to determine the required target proof load
and load rating by proof-load testing. They are the maximum proof-load
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Proof Loading

levels needed for bridge rating to ensure the target safety level, which do
not depend on any a priori information about bridge capacity.

Non-Redundant Structures

As has been shown, the results in Tables 4 and 5 are derived for redundant
structures associated with the selected target safety level of 2.3. For
non-redundant structures, a resistance reduction factor ¢ = 0.8 is used (22)
for a corresponding requirement of higher safety level. Figures 9 and 10
show the respective safety indices assured by the proposed proof-load
formula for non-redundant structures that are deficient and unratable (with
and without an analytical rating). It is noted that a relatively uniform
safety level of 3.2 is realized with respect to span length, consistent with
the target level found as the average across the nation (22,23,32). Thus,
the proposed proof-load formula can also be applied to non-redundant
structures.

Bridge Posting

When a rating obtained by proof-load testing is lower than 1.0, the bridge
should be posted, according to Eq.2. Assuming linear decrease in the
projected live-load effect (23), the required safety index B is shown to
have been achieved using the proposed rating formula. Figures 11 and 12
show safety index B with respect to proposed bridge rating after proof
testing for an 80-ft span bridge. Note that B does not change in the case
of proof-load testing for unratable bridges. For proof-load testing of
deficient bridges, B increases as RF decreases and is consistently higher
than the target safety level of 2.3. It thus is considered conservatively
satisfactory.

Additional Dead load

Additional dead load has been included in the general form of the proposed
proof-load formula (Eq. 1). Reliability modeling of this case is similar to
those described in Section B of this chapter. Since asphalt overlay
represents a case of dead load with higher variations, it is included here
for conservative prescription of ap. The bias and COV of the asphalt overlay
are taken to be 1.0 and 0.25, respectively (28). The additional dead-load
factor ap is found to be 1.25, to reach the target safety level. Figure 13
shows the safety index B considering the additional dead load as being
uniform over spans and near the target level of 2.3.

Continuous Bridges

To this point, determination of resistance and load factors for proof-load
testing has been based on single-span bridges. Several typical continuous
bridges of two and three spans are used here to examine the safety levels
resulting from the proposed proof-load formula. The safety-index
calculation is essentially the same as for simple-span bridges, the only
difference being that more than one control point ought to be considered for
continuous bridges. Thus, safety indices are calculated for all the
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Table 6. m for continuous bridges (23).

2 Span Bridges:

CHECKPOINT.

Span Lengths _ Midspan =~ __Support
(ft) MEAN COV(X) MEAN COV(X)
30-40 .99 10 .97 6
50~75 .90 9 .90 6
70-105 .95 5 .95 3
3 Span Bridges:

CHECKPOINT
Span Lengths 1.4 2,0 2.9
(fr) MEAN COV(X) MEAN COV(X) MEAN COV(X)
30-45-30 .97 8 .96 4 .93 8
50-75-50 .99 8 .97 4 .89 8

70-105-70 .99 8 .98 4 .91 8

checkpoints, including the interior support point 2.0 between Spans 1 and 2,
the center point 2.5 of the longer span assumed to be Span 2, and 40-percent
point 1.4 of the exterior span assumed to be Span 1. Table 6 gives the
statistical parameters of m used for several typical continuous bridges.
The rest of the data are taken from Table 3, and are the same as for simple-
span bridges. Tables 7 and 8 show safety indices for these typical
continuous bridges. The safety indices are between 2.0 and 3.5, maintaining
the same levels as by the analytical rating approach (23).

D. Sensitivity Analysis

Changes in input data and certain assumptions in modeling and calculating
structural reliability may influence the obtained safety index, and in turn may
affect the proof-load factors being proposed. Thus, a sensitivity analysis is
warranted to ensure that reasonable changes in input data and assumptions will
not adversely affect the proof-load formula proposed here. Figures 7 and 8 show
that the safety index for prestressed concrete is always slightly lower than that
of steel or reinforced concrete. Prestressed concrete thus was selected here for
the sensitivity analysis.

The assumption of lognormal distribution for the random variables is examined
first. Figure 14 displays safety index B if one of the random variables is
modeled by a normal rather than lognormal variable for the case of bridges under
Traffic Condition 1. It shows that a different probability distribution
assumption has little influence on the safety index, and thus the assumption of
lognormal distribution is not critical to the obtained results.

Figure 15 demonstrates sensitivity of the safety index to bias and COV of R (By
and Vy) for the application case of deficient bridges with existing rating
factors equal to or higher than 0.7. Traffic Conditions 3 and 4 are considered
here, as they are more critical than the other two conditions. It is seen in
Figures 15C and 15D that higher V; leads to higher B for shorter spans. This is
because the higher scatter in R increases scatter of R’ = R - D for shorter spans
where the dead-load effect is insignificant, and truncating distribution of R’
by proof-load testing is more effective in reducing failure risk. For longer



33 ‘uedg 33 ‘ueds

00z oSt 00! 0% 0 00z 051 00! oS 0
1 L 1 1 o L 1 1 1 o
Ly -l
w
© &
Hh H
) o
+rZ t FZ o+
< <
-
= 5
. .
) re o
w ]
w™ ™
- & v
0/d —a— o/d —a—
/Y —n— 0/d ——
— ? UOT3ITPUuoc) OTIFeal °d < I € UOT3ITpPUO) OTIFelL °D ﬁm
33 ‘uedg 33 ‘uedg
00z 0s1 001 oS 0 00z oSl 001 og 0
L 1 1 1 o L A 1 i o
bt 1
wn wn
) )
o o
rZ o re @
~ f <
i =
=] j=]
e B e B
» "
™ ™
L b 4
3/d —a— o/d ——
2/8 —x— /8 —w—
— ¢ UVOT3ATpPuo) OTiFeal g4 l ¢ |9 —g T UOTAITPUOD OTJIeIL 'V L g

‘sobpliq wejopep Juepunpaluou 1o} e|nuuo} peoj-joosd pesodoid uo paseq Ajojes jeanponig ‘g aunbiy I



33 ‘uedg
0ot [+]9

00z sl
1 1 1 1

2/d —a—
/8 ~——
18938 —— % UOTITPUO) OTIFRAL °d
13 ‘ueds
00! 0s

ooz 815}
1 1

3 1

g xXapul £3s7eg

e

o/d —a—

/Y8 —x—

oo —o— ¢ UOoT3TpuUO) OTIIeIL "{

"sobpuq ajgejeiun Juepunpaiuou 10} ejnuuo} peol-jooid pesodosd uo peseq Alojes [eimonis -0l ainbid

g xopul £K3937eES

-G

13 ‘ueds

0s1 001 0s
] 1

. 0
!
-1
92}
o5
ol
L2 R
<
=
=
[a N
FEe o
»
w
-y
o/d —a—
/8 —x—
o3 —5— € UOT3ITPUO) OTFFRAL ‘D |,
13 ‘fuedg
00z 0S1 [s[07} [s1% o}
L 1 1 L o
L
[95]
\5)
o
lN "t
) <
I
=]
(=9
Le @
X
™
4
3/d —a—
/8 —w—
o1 —a— 1 UOTITPUO) OTIFBIL °V |,

25



9/d —a—
9/8 —x—
133Ls 8-

3/d —a—
2/8 ——
93318 -e—

LR

i 6 8 L 9 S 1 2
L 1 1 1 1 1 o
i
re
g % % - i-a %
- ¢
- &
G
% UOT3ITPUO) OTIIBIL *Q L,
Ig
3 6 8 L 9 S ¥
i 1 1 1 1 1 o
-l
re
m £ —— - 3 — ﬂ
€
v
rs
¢ uoTITPUO) OTFFEAL ‘9 |,

*(ueds y-08) siqeresun Ajjeujbuo sebpyjiq paisod-peoj 10} A1ojes jeimonis L1 ainbi4

g xopul £L397eS

g xopul K393BS

o/d —a—
/8 —n—

q33a1s &8

o/d —a—
/4 ——
T331s —e—

R

6" 8 L 9’ S v

1 A 1 I3 1 o
ﬁ l
e

" " R % 4
X
b
e

€ UOTITPUOD OTFFBiL D L,
R

6" e L 9’ s v

1 1 1 1 i o
-l
fN

- - . . e
Y
4
Fe

1 UOTITPuUO) OTIJBIL 'V [,

g xopul KL3133ES

g xopul £3°93eS

O
N



-

3/d —a—
/4 ——
13a1s —8—

—

 WOTITPUOD OTIFBRIL *Q

3/d —a—
o/d —x—
1331s —&8—

¢ UOTITPUO) OTFFBIL °d

‘(ueds 4-08) wBdlap Ajjeujblo sabpiiq paisod-peo) 10) Alojes jermanns "ziL aInbid

L9

-
[}
«©
I\.
w
n

0
rl
w
o x4
h
[ A A o
rt+
]
] r ¢
=
[a R
o
v
w
-G
9/d —e—
3/d ——
LS~ € UOTITPUO) OTIIBAL ‘D |,
g
3 6 g L 9 g v
1 1 1 1 i i o
ri
v
[p] )
(a
g
— =Y
=
[a
(1]
H]
s
™
res
3/d —a—
/Y4 ——
S e T UOTITPUO) OTFIBIL 'V f,

g xopul KL31937e§

g xXopul A13JeS

27



28

Figure 13. Structural safety with additional dead load, based on proposed proof-load formula.
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Figure 14. Sensitivity of Safety Index 3 to probability distribution assumption (RF = 0.7, Steel,
Tratfic Condition 1).
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32 Proof Loading

spans, the dead-load effect is more dominant, and higher scatter of R thus does
not significantly increase scatter of R‘. Proof-load testing thus is less
effective than for shorter spans. Figure 15 also shows that neither By nor Vg
affect the safety level significantly. Figure 16 shows that the same conclusion
applies to the bias and COV of dead-load effect D (B, and Vy), since they have
even lower influence on B than By and Vi, respectively. It is noted that
parameters of R and D do not affect B at all in the second application case of
unratable bridges without analytical rating, because information on them is not
needed for B calculation using Eq.10.

Figure 17C, 17D, 17E and 17F show safety indices for the two application cases
of proof-load test with bias of g (B,) perturbed. It is observed that the change
of B, has little influence on the uniformity assured by the proposed proof-load
formula. On the other hand, this does affect the absolute reliability level.
Figure 17A and 17B exhibit B produced by the current working-stress evaluation
method at the operating level, for two traffic conditions. Figure 17 shows that
targets set by the current working-stress level are correspondingly either
reached or exceeded by the proposed formula.

Note that the changes in B, considered here are the base case times 0.9 or 1.1.
The changes in biases B;, B,, and By, ¢s will produce the same curve, as long as
these changes are the base case times 0.9 or 1.1. This is because the product
of lognormal random variables is again lognormal, and the mean of the resulting
random variable equals the product of the means of these four variables. Thus,
10-percent change in B, will cause the same change in B as 10-percent change in
By , By, and Byy os.

Figure 18 shows the results of sensitivity examination for COV of g (V,). 8
still remains uniform if V; is changed, for both unratable and deficient bridges.
Reliability levels reached by the proposed formula are higher than those by the
current working-stress evaluation method at the operating level under the changed
parameter.

More cases of input-data change were examined in this sensitivity analysis.
Figures 19 to 21 show the results of sensitivity analyses for COVs V; , V,, and
VEW o5+ It is interesting to note that the change in V, will cause more
significant changes of f§ in short spans (Figure 20), because truck configuration
is more critical for short spans. It is concluded that possible changes of input
data will not affect the proof-load formula proposed here, with respect to
producing uniform g and satisfying the target levels.
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Figure 17. Sensitivity of Safety Index B to bias of g (P/C).
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Figure 18. Sensitivity of Safety index B to COV of g (P/C).
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Figure 19. Sensitivity of Safety Index f to V,(P/C).
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Figure 20. Sensitivity of Safety Index B to V,, (P/C).
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Figure 21. Sensitivity of Safety Index B to V ,,, . (P/C).

5. - 85X
A. Traffic Condition 3 —— 10X
(Operating Rating 1ax
N by Working Stress Method)
o
&
o
5]
[
bl
o 27
Y4
o
(7]
1
[ . T T —
[ s6 100 130 200
Span Length, ft
; —-— 5%
*1 c. Traffic Condition 3 3
—— 10X
(For Unratable Bridges)
—— 5%

Safety Index B

Safety Index B8

) %0 100
Span Length, ft

E. Traffic Condition 3
(For Deficient Bridges)

Safety Index 8

Safety Index B

o 50 100
Span Length, ft

38

~n [ >
N A A

Safety Index B

-
N

B. Traffic Condition 4
(Operating Rating
by Working Stress Method)

L

~n
e

50 100 180
Span Length, ft

D. Traffic Condition 4
(For Unratable Bridges)

44

2]

T T T

20 100 180
Span Length, ft

F. Traffic Condition 4
(For Deficient Bridges)

s 100 180
Span Length, ft

—- 5%
——- 10X

—— 5%

200

- 8%
- 10X
—— 153%

200

—— 8%
—— 10X
- 13X



1V. GUIDELINES FOR PROOF-LOAD TESTING OF HIGHWAY BRIDGES

It was pointed out in Chapter II that the AASHTO codes do not provide guidance
for proof-load testing of bridge structures. Further, no detailed procedure
manuals are available to assist the test engineer in such work. For the proposed
proof-load test program, such a document is essential for quality assurance. As
a result of this study, a draft procedure manual has been developed and is
included here as Appendix A. This draft may be further modified with greater
knowledge and experience to be obtained by application.

This document was prepared in two steps: 1) a quantitative study to develop the
target proof-load requirements suitable for bridges in the United States, based
on the criterion of uniform structural safety, and 2) integration of professional
experience elsewhere in load-test practice, including that documented in the
codes, guidance manuals, and elsewhere in the literature. Step 1 has been
presented in detail in Chapter III, and Step 2 was carried out by consulting and
summarizing specifications and recommendations included in the literature.
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Table 9. R-permit bridges In New York State.

Restriction Reason

Number of Bridges

Low Operating Rating (Unratable) 76
Low Operating Rating (Condition Rating < 4) 216
Low Operating Rating (Condition Number 2 4) 220
Posted for Load Restriction 22
Degign Load < H20 34
Below Minimum Width 24
Low Rating for Primary-Member Condition 105
Low Rating for Deck Condition 12
Total 709




V. ECONOMIC ANALYSIS

The proof-load test program is intended to apply to two groups of structures:
unratable and deficient bridges. Nevertheless, the technology developed here may
be applied by other state and local transportation agencies.

0f 7751 state-owned bridges in New York, 1735 are unratable due to lack of
reliable analysis methods, structural components inaccessible for inspection, or
lack of required information (e.g., design plans). To meet federal rating
inventory requirements, a reliable rating procedure must be developed for these
bridges. One possible solution is developing improved analytical procedures, but
these must use approximations based on necessary assumptions that have to be
verified. On the other hand, proof-load tests subject bridge structures to real
loads, and their ratings thus can be more reliably determined based on observed
responses.

The other group of structures to benefit from a proof-load test program includes
some of the 709 R-permit bridges in the state highway system. Various
restrictions on traffic apply to them. In New York’'s current rating system the
following criteria are used to designate R-permit bridges: -

1. Low operating rating: below H29 upstate and H33 downstate
2. Load-posted
3. Low design load: less than H20
4, Narrow bridge width: below 24 ft upstate and 28 ft downstate
5. Low primary-member condition rating: rated 3 or less
6. Low deck-condition rating: rated 1
7. Region prerogative:. any reason
Reasons for restriction of these R-permit bridges are listed in Table 9. Proof-

load testing may increase load ratings of the bridges with low operating ratings,
particularly the 220 bridges with low operating ratings and condition ratings of
4 or more. It is highly probable that these bridges will survive proof-load
tests and have their restrictions removed, permitting reduction or elimination
of load limits.

A total of 1955 bridges are suggested for proof-load tests, this being the sum
of the 1735 unratable and 220 R-permit bridges. It is assumed that on the
average, each bridge will take two days for testing and that a calendar year
includes 9 testing months or 195 testing days. The total of 1955 bridges would
require about 20 years,.testing 98 bridges annually. Economic examination of the

41



42 Proof Loading

Table 10. Costs of proof-load test program (analysis based on
a 20-year program).

TOTAL LIFE ANNUAL ANNUAL
UNIT COST x  PRESENT SPAN COST COST
QUANTITY WORTH {(years) Year 1 Year 20

1. EQUIPMENT (uniform annual worth):

Loading Trucks $200,000x2  $400,000 15 $46,240  $46,240
Concrete Blocks $200x100 10,000 30 1,156 1,156
Transport Truck $50,000x1 50,000 15 5,780 5,780
Transducers $1,000x20 20,000 10 2,944 2,944
Data Processing System $25,000x1 25,000 20 1,840 1,840
Van $30,000x1 30,000 15 3,468 3,468
Traffic Control Trucks $75,000x3 225,000 15 26,010 26,010
Miscellaneous Items 4,372 4,372
Subtotal $750,000 $91,810 $91,810

2. PERSONNEL (non-uniform annual worth):

Proof Load Test Crew

1 Grade 24 Test Engineer $53,340 $112,379

2 Grade 20 Assistant Engineers 86,866 183,014

3 Grade 8 Engineering Technicians 68,355 144,014
Traffic Control Crew

8 Grade 6 Technicians 122 884 258,898

Subtotal $331,445 $698,305

GRAND TOTAL COSTS $423,255 §790,115

Note: See Appendix B for computation details.

proof-load test program in this report consists of cost-benefit analyses, which
explore cost-effectiveness of the program.

In the analysis presented here, an annual discount rate of 4 percent is assumed
in the calculations. Note that the estimated monetary values and numerical
figures given here without reference sources were based on either best knowledge
of research personnel or conversations with experienced personnel within or
outside the Department.

A. Costs
Total costs of the proof-load test program consist of expenses for equipment and

personnel needed for its operation. Both items are summarized in Table 10 and
their calculations are included in Appendix B.

1. Equipment Costs -

As included in Table 10, two specially built vehicles are needed for
loading, each equipped with a built-in crane for loading and unloading as
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well as a remote control system. Estimated present cost for each vehicle is
$200,000, with a life span of 15 years. A total of 100 concrete 1/2-yd®
blocks weighing 2025 1b each will be needed at $200 each, resulting in a
total present cost of $10,000, with an assumed 30-year life span. These
blocks will be used as movable loads for convenient loading and unloading.
An additional truck is needed for transportation of the concrete blocks to
complement the two loading vehicles. Its estimated present cost of $50,000
for a 15-year life span results in a $5,780 annual cost.

Also shown in Table 10 is a data acquisition and processing system to
consist of: 1) 20 displacement and strain transducers, at an annual cost of
$2,944, assuming a 10-year life span; 2) a data-processing system of
$25,000, for a life span of 20 years; and 3) a van at $30,000 to house the
data-processing system for a 15-year life span. Additionally, three
specially equipped trucks will be needed for traffic control at an annual
cost of $26,010 for a 15-year life span. Miscellaneous items, such as
cables for transducers and tools for instrumentation are estimated at 5
percent of the total equipment cost (Table 10).

Initial purchase cost of all the equipment needed for implementation of the
proof-load test program will be $750,000. Additionally, after 15 years all
vehicles involved will need to be replaced for a $1.22 million projected
cost. If all equipment costs for the 20-year program are uniformly
distributed over the 20 years, an annual cost of $91,810 is estimated as
shown in Table 10.

2. Personnel Costs

A test crew to operate the program is expected to consist of a test engineer
(Grade 24), two assistant engineers (Grade 20), and three technicians (Grade
8). The personal service cost (including fringe benefits) is estimated at
$208,561 for the first year. For traffic control, it is estimated that
eight technicians (Grade 6) will be needed at a cost (including fringe
benefits) of $122,884 for a 9-month test period in the first year (Table
10). It is suggested that an engineer from the region with jurisdiction for
the tested bridge join the crew during testing to minimize test operation
cost and maximize benefits of technology transfer within the Department.
Total personnel costs are estimated at about $331,000 for Year 1 and
$700,000 for Year 20.

3. Summary

Table 10 shows that a grand total cost of $423,255 is estimated for the
first year of the proposed program. The cost for each bridge is about
$4,319, assuming that 98 bridges will be tested.

B. Benefits
The proof-load test program will result in benefits for the Department and
highway users in terms of cost reduction and safety enhancement. These benefits
are estimated, using a discount rate of 4 percent over the lifetime of 20 years.
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Table 11. Benefits of proof-load test program (analysls
based on a 20-year program).

ANNUAL ARNUAL
BENEFIT BENREFIT
Year 20 Year 1
1. BENEFITS TO THE DEPARTMENT
Annual cost for rating by consultants $1,099,775 $522,000

2. BENEFITS TO HIGHWAY USERS

Annual reduced mileage for restricted trucks = 1,087,680 miles

Reduction in travel time $5,628,405 $133,574
Reduction in fuel consumption 4,995,634 118,557
Reduction in lubricant consumption 152,620 3,622
Total user bemefits $10,776,660 $255,753

3. SAFETY BENEFITS

Annual reduced mileage for restricted
Annual reduced accidents =~ 6.336

Reduction in fatal accident costs $2,899,783 $68,818
Reduction in personal injury costs 2,095,978 49,742
Total safety benefits $4,995,761 $118,560

Note: See Appendix C for computation details.

This benefit analysis is summarized in Table 11, and detailed calculations are
provided in Appendix C. Discussion of analysis details follows.

1.

Benefits to the Department

Without the proposed proof-load test program, consultants will have to be
hired to rate 1735 unratable state-owned bridges; costs for hiring them are
estimated here as benefits to the Department. On the average, this would
now cost about $6,000 per bridge. For 87 bridges annually over the 20-year
program life, benefits are estimated at $522,000 for Year 1 and $1,099,775
for Year 20, as shown in Table 11 and detailed in Appendix C.

Benefits to Highway Users

Highway users will also benefit from the proposed proof-load test program,
due to the expected removal of load restrictions on the 220 R-permit bridges
and resulting reduction in travel time, cost, and mileage. These benefits
are estimated based on an annual reduced-mileage for restricted trucks as
follows:

Annual Annual Ratio of Ratio of Annual ratio

reduced total trucks restricted of reduced

mileage - [ mileage | to all x trucks to < detour

for traveled vehicles total mileage

restricted (35) (36) truck to total

trucks traffic road
mileage

= 103 billion miles x 10Z x 12X x 0.00088 = 1,087,680 miles (11)
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where annual ratio of reduced detour mileage to total road mileage =
detour road mileage 8 miles per bridge x 11 bridges (expected to have
load restrictions removed) per year/total road mileage of 100,000 miles
= 0.00088. Travel time cost for commercial vehicles is now estimated at
$7 per hour (35), or $0.1228 per mile for an average speed of 57 mph
(36). (This cost includes driver’s wage.) Thus, the saving from
reduced travel time is §$133,574 for the first year over the annual
reduced-mileage for restricted trucks.

Reduced operating ,costs include major savings in fuel and lubricant
consumption. Fuel consumption of a two-axle, six-tire truck for a speed
of 57 mph on a level road is estimated to be 0.109 gal/mi. Using such
a truck as a typical case and a gasoline price of $1 per gal, fuel
saving is $118,557 per year, for the 1,087,680 annual reduced-travel-

miles of restricted trucks. According to the Institute of
Transportation Engineers (37), engine oil consumption is 3.33 qt/1000
mile on the average. Assuming an average oil cost of $1/qt the

resulting saving is about $3622 per year, for the same annual reduced-
mileage for restricted trucks.

Another cost saving to the public is reduced pollution caused by
operating vehicles, including air pollution from exhaust, water
pollution from oil and gasoline leakage, etc. Reduction in travel
mileage by restricted trucks will result in decrease of these pollutants
and thus a benefit to the public. Due to lack of reliable data, this
benefit is not quantified here.

Total user benefits estimated at this time are $255,753 for the first
year, as shown in Table 11 and detailed in Appendix C. They will

increase cumulatively by a factor of n x 1.04™! for Year n. For
example, these benefits will be $10.8 million for the 20th year as shown
there.

3. Safety Benefits

Due to reduction of restricted-truck detouring, resulting from expected
removal of load restrictions after proof-load testing, fewer traffic
accidents are expected as well. Because both the Department and the
public may benefit from this increased safety, these benefits are
estimated separately from the first two categories of benefit.

Reduction in accidents 1is expected due to less mileage traveled,
assuming that the number of accidents is a linear function of travel
mileage. The reduced number of accidents by restricted trucks is
estimated as follows:

Annual Total annual Ratio of Ratio of
reduction accidents restricted reduced detour \\
in = | involving X | truck traffic | * { mileage to total
accidents trucks to total truck \\road mileage

\ traffic

= 60,000 x 12% x 0.00088 = 6.336 (12)
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Table 12. Summary of economic analysis (based on a
20-year program).

Annual Worth

Year 1 Year 20
($1,000)  ($1,000)

For the Department

Costs §423 $790
Benefits 522 1,100
Savings (= benefits - costs) 99 310
For public users 250 10,777

Savings (= benefits)

For safety 119 4,996
Savings (= benefits)

Benefit-to-Cost Ratio
For the Department 1.2 1.4
For the Department, public users, and safety 2.1 21.4

About 1 percent of accidents involving trucks are fatal (35), costing
$1,086,147 per accident (35), and 60 percent of these result in personal
injuries (36), costing $13,090 per accident (37). Using these figures and
an annual number of reduced accidents of 6.336 (Eq. 12) the total safety
benefit is estimated to be $118,557 for the first year and near $5 million
for the 20th year, based on a discount rate of 4 percent and accumulation of
savings (Table 11 and Appendix C).

C. Compparison of Costs and Benefit

Costs and benefits associated with the proposed proof-load test program have been
estimated as summarized in Table 12. Implementing the program requires $750,000
for equipment, and $1.22 million will be needed 15 years later for replacing the
required vehicles. Annual benefit-to-cost ratio for the Department is estimated
at 1.2 to 1.4 over the 20-year lifetime of the program. Table 12 also shows an
increasing benefit-to-cost ratio to public users of the highway system, from 2.1
for Year 1 to 21.4 for Year 20, mainly due to accumulation of benefits over time.
Combined with expected higher reliability of rating by proof-load testing, these
results present implementation of the proof-load test program as an attractive
investment. It is noted that other benefits of the proof-load test program are
not included, such as pollution reduction and technology advancement, due to lack
of reliable statistical data in terms of monetary values.



VI. CONCLUSIONS

A proof-load test program operated by the Department will be a cost-effective
approach to meeting federal requirements for reliable load rating of all bridges
in New York State. The estimated annual benefit-to-cost ratio for the Department
varies from 1.2 to 1.4 over the proposed testing period of 20 years. When public
users and safety are also included, the annual benefit-to-cost ratio is estimated
at 2.1 to 21.4 over the program life of 20 years. The proof-load test program
will also provide a technical advancement over analytical approaches, in
providing more reliable ratings. Technical details of implementing such a
program have been examined here, and a draft procedure manual has been developed
as a first step of quality assurance.

47






ACKNOWLEDGMENTS

Discussions with Dr. D. Verma of Altair Engineering and Dr. F. Moses of the
University of Pittsburgh are gratefully acknowledged. D. B. Beal and G. A.
Christian of the Structures Design and Construction Division provided valuable
comments and suggestions during the course of this study. J. Tang and P.
Saridis, formerly with the Engineering Research and Development Bureau, ably
assisted in studies covered by Chapters III and IV. J. Lall and F. P. Pezze I1T
with the Engineering Research and Development Bureau assisted in preparing the
report.

Preceding page blank 49






10.

11.

12.

REFERENCES

Manual for Maintenance Inspection of Bridges. Washington: American
Association of State Highway and Transportation Officials, 1983.

Fu, G., Saridis, P., and Tang, J. Proof Testing of Highway Bridges.
Research Report 153, Engineering Research and Development Bureau, New

York State Department of Transportation, January 1992.

Raths, Raths & Johnson, Inc. Nondestructive load Testing for Bridge
Evaluation and Rating. Final Report on NCHRP Project 12-28 (13),

February 1990, unpublished.

Ladner, M. "In Situ Load Testing of Concrete Bridges in Switzerland.”

In Strength Evaluation of Existing Concrete Bridges, Publication SP-88,
American Concrete Institute, 1988, pp. 59-79.

Veneziano, D., Galeota, D., and Giammatteo, M. M. "Analysis of Bridge
Proof-Load Data, I: Model and Statistical Procedures." Structural
Safety, Vol. 2 (1984), pp. 91-104.

Veneziano, D., Galeota, D., and Giammatteo, M. M. "Analysis of Bridge
Proof-Load Data, II: Numerical Results." Structural Safety, Vol. 2
(1985), pp. 177-98.

Bakht, B., and Csagoly, P. B. Bridge Testing. Structural Research
Report SRR-79-10, Research and Development Division, Ontario Ministry
of Transportation and Communications, 1970.

Ontario Highway Bridge Design Code. Ontario Ministry of Transportation
and Communications, 1983 (2nd ed.).

Phillips, M. H., and Wood, J. H. "Proof Loading of Bridges."
Proceedings, New Zealand Roading Symposium, National Roads Board, Vol.
4 (1987), pp. 803-07.

"GCode of Practice for the Design of Concrete Structures." NZS 3101,
Part 1, Standards Association of New Zealand, 1982.

"Code of Practice for General Structural Design and Design Loading of
Buildings." NZS 4203, Standards Association of New Zealand, February
1976.

Thompson, D.M. Loading Tests on Highway Bridges: A Review. Laboratory
Report 1012, Transport and Road Research Laboratory (Britain), 1981.

Preceding page blank 51



52

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Proof Loading

"Steel, Concrete and Composite Bridges: Part 8: Recommendations for
Materials for Workmanship, Concrete, Reinforcement and Prestressing
Tendons." BS 5400, Part 8, British Standards Institution, 1978.

El Shahawy, M., and Garcia, A.M. "Structural Research and Testing in
Florida." Transportation Research Record 1275, Transportation Research
Board, 1990, pp. 76-80.

"Concrete Structures." AS 3600, Standards Australia, 1988.
"Steel Structures.®™ AS 4100, Standards Australia, 1990.

"Appraisal of Existing Structures." Institution of Structural Engineers
(Britain), July 1980.

Javor, T. "Testing Bridges in Situ." Materials and Structures, RILEM,
Vol. 9, No. 53, 1976, pp. 369-74.

Standard Specifications for Highway Bridges. Washington: American
Association of State Highway and Transportation Officials, 1983 (3rd

ed.).

"Building Code Requirements for Reinforced Concrete." ACI 318-89,
American Concrete Institute, 1989.

"Strength Evaluation of Existing Concrete Buildings." ACI 437R-67,
American Concrete Institute, 1982.

Guide Specifications for Strength Evaluation of Existing Steel and
Concrete Bridges. Washington: American Association of State highway

and Transportation Officials, 1989.

Moses, F., and Verma, D. Load Capacity Evaluation of Existing Bridges.
Report 301, National Cooperative Highway Research Program,

Transportation Research Board, 1987.

Ang, A. -S., and Tang, W. L. Probability Concepts in Engineering

Planning and Design, Vol. 2: Decision, Risk, and Reliability. New
York: John Wiley & Sons, 1984.

Fu, G. and Moses, F. "Overload Permit Checking Based on Structural
Reliability." Transportation Research Record 1290, Transportation
Research Board, 1991, pp. 279-89.

Fujino, Y., and Lind, N.C. "Proof-Load Factors and Reliability."
Journal of the Structural Division, American Society of Civil Engineers,
Vol. 103, No. ST4 (April 1977), pp. 853-70.

Ellingwood, B.,, Galambos, V.V., MacGregor, J.G., and Cornell, C.A.

Development of Probability Based load Criteria for ANS1 A58. NBS 577,
National Bureau of Standards, June 1980.

Nowak, A.S., and Zhou, J. Reliability Models for Bridge Analysis.
Department of Civil Engineering, University of Michigan, March 1985.

«



Reference 53

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Moses, F., and Ghosn, M. A Comprehensive Study of Bridge loads and
Reliability. Report FHWA/OH/-85/005, Department of Civil Engineering,

Case Western Reserve University, January 1985.

Imbsen, R. A., Liu, W.D., Schamber, R.A., and Nutt, R.V. Strength of

Existing Reinforced Concrete Bridges. Report 292, National Cooperative
Highway Research Program, Transportation Research Board, June 1987.

Nutt, R.V., Schamber, R.A., and Zokaie, T. Distribution of Wheel Loads
on Highway Bridges. Final Report on NCHRP Project 12-26, April 1988,
unpublished.

Moses, F., and Verma, D. Load Capacity Evaluation of Existing Bridges:
Phase II. Final Report on National Cooperative Highway Research Program

Project 12-28(1), July 1988, unpublished.

Hansell, W.C., and Viest, I.M. "Load Factor Design for Steel Highway
Bridges." AISC Engineering Journal, Vol. 8, No. 4 (October 1971), pp.
113-23.

James, R.W., Noel, J.S., Furr, L.H., and Bonilla, F.E. "Proposed New
Truck Weight Formula." Report to FHWA, 1985.

New York State Statistical Yearbook: 1989-90. Albany: Nelson A.
Rockefeller Institute of Government, State University of New York, April
1990 (15th ed.).

Motor Vehicle Accident, License, and Registration Statistical Data:
1988-89. Division of Research and Evaluation, New York State Department

of Motor Vehicles.

Transportation and Traffic Engineering Handbook. Englewood Cliffs,
N.J.: Prentice-Hall, Inc., 1982 (2nd ed.).

Along the Road to Renewal: Nine Year Transportation Program, April 1984
through March 1993. New York State Department of Transportation,

October 1990.

A Guide for the Field Testing of Bridges. American Society of Civil
Engineers Committee on Safety of Bridges, 1980.






APPENDIX A

DRAFT PROCEDURE MANUAL FOR PROOF LOAD TESTING OF HIGHWAY BRIDGES

TRANSPORTATION RESEARCH AND DEVELOPMENT BUREAU
New York State Department of Transportation
State Campus, Albany, New York 12232 0869

Preceding page blank 55






N

el

W www
W N =

~ 5 Eau S S S w w
S~ - w &~

[CLRC N NE N,
B N s

W N =

[+)}

oy 0

CONTENTS

INTRODUCTION
Purpose
Scope
Applicability

SYMBOLS AND DEFINITIONS

PLANNING

General

Preliminary Investigation

Load Magnitude Determination
3.3.1 Target Proof Load
3.3.2 Starting Proof Load

Load Positioning

Selection of Response Measurement and Instrumentation
3.5.1 Displacement
3.5.2 Support Movement
3.5.3 Cracking

Safety Requirements

Planning Report

TESTING
General
Traffic Control and Safety Measures
Instrumentation
Loading and Monitoring
4.4.1 Loading
4.4.2 Unloading
4.4.3 Monitoring
4.4.4 Criteria for Loading Termination
4.4.5 Repeat of Loading
Inspection
Testing Report

TEST RESULT ANALYSIS AND FINAL REPORT
Test Result Analysis
Rating
Posting

" 'Final Report

Preceding page blank

57






1. INTRODUCTION

1.1 Purpose

This procedure manual establishes guidelines for load rating of existing highway
bridges by nondestructive proof load testing.

1.2 Scope

This procedure shall be applied to determine load ratings of existing highway
bridge structures, in conjunction with the AASHTO Manual for Maintenance

Inspection of Bridges.

1.3 Applicability

This procedure is applicable to short and medium span highway bridges of steel,
prestressed concrete, and reinforced concrete. A test engineer shall control the
test, having at least the minimum qualifications for inspection personnel defined
by the AASHTO Manual of Maintenance Inspection of Bridges and specializing in
bridge structure behavior, field testing, and evaluation. A proof load test
shall consist of three steps: planning, testing, and analysis and reporting,
executed as required here. Because of the complexity of the subject and the
numerous parameters involved, engineering judgment may be required in applying
this manual.

2. SYMBOLS AND DEFINITIONS

Y, = Target proof load effect

R, = Final proof load effect or strength

RF = Rating factor

D, = Additional dead-load effect to be added to the structure after
proof-load test

L, = Nominal live-load effect

I, = Nominal impact factor

(] - Resistance reduction factor

Preceding page blank .,
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ap =

ay, =

3. PLANNING

Proof Loading

Dead-load factor for additional dead load effect

Live-load factor for target proof load effect

3.1 General

The proof load test is a full scale, nondestructive examination of safe load
capacity of bridges. It can be used either to enhance an existing rating or
provide a reliable rating that cannot be given by other analytical methods. The
test must be carefully planned to maximize the probability of its success and
minimize risk of bridge damage due to the test load.

3.2 Preliminary Investigation

A preliminary investigation shall be conducted to collect necessary information
for pertinent decisions, including but not limited to:

1.

Collection and review of background information, such as
identification of the bridge, traffic carried, maintenance history,
inspection records, existing load rating, etc.;

Field inspection of the bridge structure and identification of
deficient and critical members, potential failure modes, and
temporary features that may affect the load-response relationship of
the structure (e.g., frozen bearings);

Identification of significant changes in structural behavior and
traffic demand since the latest inspection;

Evaluation of structural soundness and condition; and

Determination of a load rating (if not available) based on best
knowledge on the structure and available calculation techniques.

As a result of this preliminary investigation, bridges with any of the following
features may not be recommended for a proof load test:

6.

Deficient and severely deteriorated materials that may not be able
to carry the starting proof load as defined in 3.3.2;

Potential for brittle failure making the bridge unable to carry the
starting proof load as defined in 3.3.2.

Low probability of improving the available rating; and/or

Severely déteriorated substructure components.
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3.3 load Magnitude Determination

3.3.1 Target Proof Load

The level of target proof load effect shall be determined using the following
equation:

¢ ¥Yp =0, In (1 +In ) + ap D, (A3.1)

where ¢ = 0.95 for steel and prestressed concrete,
0.90 for reinforced concrete, or
0.80 for nonredundant structures
ap = 1.25 for additional dead load

If the existing analytical rating factor of the bridge equals or exceeds 0.7,
then

1.35 for low volume roadways, with reasonable enforcement and

apparent control of overloads

= 1.45 for high volume roadways, with reasonable enforcement and
apparent control of overloads

= 1.80 for low volume roadways, and significant sources of overloads
without effective enforcement

= 1.90 for high volume roadways, and significant sources of overloads

without effective enforcement

a

or

@, = 1.45 for low volume roadways, with reasonable enforcement and
apparent control of overloads

= 1.55 for high volume roadways, with reasonable enforcement and
apparent control of overloads

= 1.90 for low volume roadways, and significant sources of overloads
without effective enforcement

= 2.00 for high volume roadways, and significant sources of overloads
without effective enforcement

3.3.2 Starting Proof Load

The level of starting proof load effect shall be induced by:
1. The posted load if the bridge structure is load-posted,
2. HS20, or

3. A load determined by the test engineer, if the bridge’s capacity to
support loads in 3.3.2.1 and 3.3.2.2 is in question.
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3.4 Jload Positioning

The proof load shall be positioned to induce maximum stresses in primary and/or
critical members. Thus, several positions in both longitudinal and transverse
directions may be considered.

3.5 Selection of Response Measurement and Instrumentation

3.5.1 Displacement, Rotation, Joint Movement, and Strain

Characteristic displacements and/or strains of primary and/or critical members
shall be the major responses monitored in the load test. Measurement
instrumentation shall be installed at points where maximum responses are
expected. If deemed applicable and reliable, LVDT, inclinometers, strain gages,
displacement or strain transducers, and other devices may be selected for
response measurement.

3.5.2 Support Movement

Critical movement and/or settlement of supports under loads shall be measured at
characteristic locations. Level surveys may be selected for this purpose.

3.5.3 Cracking

Cracking-prone members shall be identified. Crack monitoring procedure and means
shall be determined.

3.6 Safety Requirements

Safety requirements to protect test personnel and the public shall be identified
to accommodate field conditions and requirements for loading, instrumentation,
and measurements, in accordance with Department safety policies. They shall
include, but not limited to, traffic control and scaffolding.

3.7 Planning Report

All information collected and decisions made during planning shall be documented
in a planning report. The planning report shall include, but not be limited to:

1. Results of the preliminary investigation;

2. Magnitude of starting load and target load, their positions, and the
loading sequence of test;

3. Instrumentation selected, their positions, and their monitoring
procedure;

4. Safety measures; and

5. An estimation of the probability of successful testing, expected test
results compared to the existing rating or the approximate rating
obtained in 3.2.5, and recommendations for action to be taken based on
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these results (possibly not to proof load test the bridge due to high
probability of bridge damage by the test load.)

4, TESTING
4.1 General

Care must be exercised in executing the proof load test to ensure safety of test
personnel. Efforts must be made to maximize reliability of the test data to be
obtained and minimize the possibility of bridge damage. The test shall be
monitored carefully to detect unusual structural behaviors that may warrant
changes in the planned test procedure.

4.2 Traffic Control and Safety Measures

Before commencing the test, the traffic affected must be carefully controlled.
Precautions must be taken during the test for safety of test persommel and the
public, in accordance with Department safety policies. The test engineer shall
be responsible for all aspects of safety.

4.3 Instrumentation

The instrumentation shall be placed at predetermined positions, unless changes
are found necessary to accommodate field conditions. Wherever applicable, they
shall be connected to an automatic data acquisition system in a mobile lab. All
instrumentation shall be confirmed for proper working condition before loading.
Immediately before loading, the instrumentation shall be set to zero output or
zero readings shall be taken.

4.4 loading, Monitoring, and Unloading

4.4.1 Loading

The load shall be applied slowly to eliminate dynamic effects, and increased no
less than four times from the starting proof load given in 3.3.2 until one of the
criteria for loading termination in 4.4.4 is met. The increments shall be
determined by the test engineer, with consideration to minimizing the probability
of bridge damage due to the test load.

4.4.2 TUnloading

When Loading Termination Criteria 1 or 2 in 4.4.4 are met, the load shall be
decreased by increments of no more than the loading increments. When Loading
Termination Criteria 3 or 4 in 4.4.4 are met, the load shall be removed
immediately in one step.

4.4.3 Monitoring

Immediately before, immediately after, and 5 minutes after each load increment
the following response readings shall be taken:
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1. Displacement, rotation, joint movement, and/or strain at the

instrumented locations;

2. Movement or settlement of supports; and

3. Crack width.
To maximize the probability of successful testing, critical characteristics of
the bridge response shall be examined during the test, and the test shall be
stopped by the test engineer whenever validity of the data is in question.
Relevant changes in the environment shall be also recorded, such as sudden noise
and changes in temperature and weather.

4.4.4 Criteria for Loading Termination

Loading shall be terminated, unloading commenced, and deflection recovery
recorded if

1. The target proof load level has been reached;
2. 10 percent or more nonlinearity has been observed in responses;

3. Significant substructure movements or settlements have been observed;
or

4., Signs of distress have appeared, such as excessive crack widening, or
significant development of cracking.

4.4.5 Repeat of Loading

Critical loading cases may be repeated to reduce or eliminate secondary effects,
such as adjustments at connections.

4.5 Inspection

After unloading, the bridge shall be inspected to identify damage, residual
movement, or distress due to loading.

4.6 Testing Report

All data and information collected during the test shall be documented in a
testing report, including but not limited to:

a. Temperature and weather condition during the test;
b. Instrumentation;

c. Loading sequence (with respect to positions) and time, starting load,
load increments, final load;
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d. Structural responses to each load level; and
e. Relevant observations during the test.
5. TEST RESULT ANALYSIS AND FINAL REPORT

5.1 Test Result Analysis

Test results shall be analyzed carefully after execution of the test. Load
response relationships of the primary and/or critical members shall be examined.
A structure shall be considered to possess a strength Rp < Yp if at the load
level R,

a. No visible evidence of failure is observed,

b. The responses recover at least 90 percent of those under the load,
within 5 minutes after load removal,

c¢. Linear behavior of the primary and/or critical members is observed,
d. No significant support movement or settlement is observed, and
e. No excessive crack widening is observed.

5.2 Rating

The bridge shall be rated as follows by using Rp in Equation A5.1: -

¢Rp-opD
RF = a (A5.1)
F o, Ln (1 + In)

5.3 Posting

1f the rating is found to be inadequate, load posting of the bridge shall be
considered in accordance with Department policy, using RF Ln as the safe
load carrying capacity.

5.4 Final Report

The final report shall cover the planning and testing phase. It shall also
include conclusions from the test, the resulting rating of the structure, and
recommendations for action, such as strengthening, posting removal, posting,
closing, etc. Other relevant information shall also be included in the final
report.






APPENDIX B
COST CALCULATIONS

1. EQUIPMENT COSTS:

Loading Trucks

A = 2 % $400,000 * (A/P,4%,30) = $46,240
Concrete Blocks

A = $20,000 * (A/P,4%,30) = $1,156
Transport Truck

A =2 % §50,000 * (A/P,4%,30) = $5,780
Transducers

A =2 % $20,000 * (A/P,4%,20) = $2,944
Data Processing System

A = $25,000 * (A/P,4%,20) = $1,840
Van

A =2 % $30,000 * (A/P,4%,30) = $3,468
Traffic Control Trucks

A=2 %3 % $75,000 * (A/P,4%,30) = $26,010
Total Annual Cost of Equipment

$(46,240+1,156+2,944+5,780+1,840+3,468+26,010) = $87,438
Miscellaneous

0.05*$87,438 = $4,372

Total Annual Cost of Equipment $87,438+4,372 = §91,810

2. PERSONAL SERVICE COSTS:

Cash Flow for the nth Year =
A, = ((Start Salary + Job Salary)/2)¥1.14%1.04" 1

Proof-Load Test Crew:

1 Grade 24 $(42,003+51,576)/2%1.14=$53,340
A, = $ 53,340 Ay = $112,379
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2 Grade 20 2%5(34,030+42,169)/2%1.14=$86,866
Al - $ 86,866 Azo
3 Grade 8 3%$(17,425422,549)/2%1.14=$68,355
Al = $ 68,355 Azo
Total Cost of Proof Load Test Crew A, = $208,561 Agp

Traffic Control Crew

8 Grade 6 8%$(15,582+20,349)/2%9/12%1.14 = $122,884
A1 = 3122,884 Azo

Total personal service cost A; = $331,445 Asp

. TOTAL COSTS OF PROOF LOAD TEST PROGRAM

A; = $91,810 + $331,445 = $423,255
Ay = $91,810 + $698,305 = $790,115

. COSTS OF PROOF LOAD TEST PER BRIDGE

Year 1 $423,255/100 = $4,232
Year 20 $790,115/100 = $7,901

Proof Loading

= $183,014

= $144,014

= $439,407

= $258,898

= §698,305



APPENDIX C
BENEFIT CALCULATIONS
1. BENEFITS TO THE DEPARTMENT

Cost of rating by consultants per bridge

Annual savings of Year 1 $6,000/bridge * 87 bridges
Annual savings of Year n

Annual savings of Year 20

2. BENEFITS TO HIGHWAY USERS

Annual reduced mileage by restricted trucks:
Annual total travel mileage
Ratio of truck traffic to all traffic
Ratio of restricted truck traffic to total truck traffic
Detour length per restricted bridge
Annual number of bridges having restriction removed
Annual length of detour to be reduced
Total length of road
Ratio of detour length to total road length
Annual reduced mileage by restricted trucks

Saving in reduced travel time:
Cost of travel time per hour
Average speed
Cost of travel time per mile
Travel time saving (Year 1)

Saving in reduced fuel consumption:
Fuel consumption
Gasoline cost

Saving in lubricant consumption:
Engine oil consumption

$5

$6,000
22,000

$522,00%1.04°!

$1,0

103 billion

8

88
100,000

0.

1,087,680

99,775

miles
10%
12%
miles
11
miles
miles
00088
miles

$7/hr
57 mph

$7/hr/57mph = $0.1228/mile
$0.1228%1,087,680 = $133,574

0.109 gal/mile
$1/gal
Fuel saving (Year 1) $1/gal*0.109gal*1,087,680 = $118,557

3.33 qt/1,000 miles

Engine oil cost $1/qt
Lubricant saving (Year 1) $1/qt*3.33qt*1,087.680 = $3,622
Total annual user savings in Year 1 133,574 + 118,557 + 3,622 = $255,753
Total annual user savings in Year n nvl'$255,753*1.04“"l
Total annual user savings in Year 20 $10,776,660
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3. SAFETY BENEFITS

Anmual reduced accidents:

Ratio of annual reduced accidents .00088*,12 = 0.0001056
Annual accidents involving trucks 60,000
Annual reduced accidents 60,000*%0.0001056 = 6.336
Saving in reduced fatal accidents:
Cost per fatal accident $1,086,147
Ratio of fatal accidents to total accidents 1%
Reduced fatal accidents 6.336% .01 = 0,06336
Saving in reduced fatal accidents 1,086,147%.06336 = $68,818
Saving in reduced personal injuries:
Cost of personal injuries per accident $13,090
Ratio of personal injury accidents to total accidents 60%
Reduced personal injury accidents 6.336%0.60 = 3.8
Saving in reduced personal injuries 3.8%13,090 = $49,742
Total annual safety savings of Year 1 68,818+49,742 = $118,560
Total annual safety savings of Year n n*$118,560%1.04*!

Total annual safety savings of Year 20 $4,995,761



